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   “Purification of Erbium Metallofullerenes in Large-Cages using Lewis Acids”    
Muska Fahim, Khristina Rottinger, Jessica Field, and Steven Stevenson* (Advisor) 
*Stevenson Research Group, Chemistry, IPFW, Fort Wayne, IN 46805 
  stevenss@ipfw.edu (260-481-6290)  
Goal:  We seek to isolate Er3N clusters that are trapped 
inside over-sized, fullerene cages (e.g., C84-C112).  These 
metallic nitrides in giant cages are expected to have 
intriguing properties due to the voluminous interior of the 
cage.  Because of the low abundance of Er-based nitride 
endohedrals in soot extract, we must develop new 
separation methods to remove the remaining fullerene 
contaminants (99.9%).  We discuss a successful purification 
approach based on reactivity differences among hollow 
fullerene cages (i.e., the abundant species) and the 
oversized fullerenes with entrapped Er metallic nitride 
clusters (i.e., trace abundance of these endohedral 
metallofullerenes). Optimal results are obtained by 
strategically combining our (1) “Stir and Filter Approach,” 
SAFA, with our (2) “selective precipitation technique” using 
Lewis acids (e.g., CuCl2).  We have successfully isolated 
Er3N@C2n metallofullerenes.  Structural information of our 
purified samples awaits X-ray crystallographic analysis. 
HPLC Analysis: 4.6 x 250 mm PYE column, 0.61 mL/min 
xylene mobile phase, 360 nm UV detection, 50-500 µL 
injection volume. 
Precipitation of Metallofullerenes by Lewis Acids:  
Metallofullerene samples are placed in a round bottom 
flask and dissolved in CS2.  While stirring, a Lewis acid (i.e., 
CuCl2, AlCl3 or FeCl3) is added to initiate selective 
complexation and precipitation.  
Decomplexation of Metallofullerenes from Precipitates: 
Upon filtration, the solid material is placed in a beaker for 
decomplexation with ice and water for subsequent workup 
in a separatory funnel.  Metallofullerenes dissolve in the CS2  
organic layer.  HPLC and MALDI mass spectral data 
demonstrate the effectiveness of our new separation 
method.  
MALDI Analysis:  Mass spectral analysis is performed on a  
Bruker Microflex LT mass spectrometer.  Samples are 
deposited on a stainless steel plate without using a matrix. 
The analysis is performed in the positive-ion mode. 
Abstract 
Experimental 
• NSF RUI CHE #1151668 
Funding 
• Selective Complexation:  Metallofullerenes 
containing erbium nitride clusters in large 
fullerene cages are selectively complexed 
and precipitated by Lewis acids. 
• Purified Er3N@C92:  Implementation of a 
non-chromatographic approach involving 
aminosilica (SAFA), followed by selective 
Lewis acid precipitation, permits an 
enriched metallofullerene sample.  A single 
HPLC pass of this sample purifies Er3N@C92. 
• Non-Chromatographic Separation:  This 
approach saves time, money, and is more 
environmentally friendly relative to the sole 
use of HPLC for the entire separation 
process. 
Conclusions 
•  Scalable and no expensive equipment or costly reagents 
•  Selective fullerene uptake, uses amino-based silica gel 
•  Non-chromatographic method, ambient separations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Method 1: Stir and Filter Approach (SAFA) 
Fullerene 
Soot 
Extract 
CuCl2 Empty Cage Fullerenes           
   E1/2, ox-I > 0.19 V and 
Inert Metallofullerenes 
       E1/2, ox-I > 0.19 V 
     Reactive  Metallic Nitride or 
Metallic Oxide Metallofullerenes       
            with E1/2, ox-I < 0.19 V  
Precipitate 
Filtrate 
Results:  Selective Separation of Molecules 
 
Step 1:  
AminoSilica Gel  
(Stir and Filter, SAFA)  
[4 days] 
 
Erbium 
Extract 
 
Step 2:  
Lewis Acid Precipitate  
from CuCl2 
 [20 min] 
 
Step 3:  
Lewis Acid Precipitate  
from CuCl2   
[16 h] 
 
 
After Step 3 
Unreacted Fullerenes 
leftover in FILTRATE  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results:  Purify Er3N@C92 
77 min 
Er3N@C92 
1620 
Purified 
Er3N@C92 
Er3N@C92 
Er3N@C88 
Er2@C82 
Er2@C82 
Er3N@C92 
Er3N@C88 
Er3N@C80 
Er3N@C92 
Er3N@C88 
Er3N@C84 
C60 C70 
C70 C60 C84 
C78 
Er@C82 
Er2@C82 
Complex mixture of 
Er2@C2n & Er3N@C2n 
much less Er2@C82 
HPLC 
Method 2: Lewis Acid Scheme 
2000 mg Er Extract 
120 g Aminosilica 
2800 mL Xylenes 
4 day Reaction 
Er3N@C80 
C60 
C70 
